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Abstract: X-ray photoelectron spectroscopy has been used to investigate positive 

charge accumulation on amorphous SiO2 films induced by in situ X-ray irradiation. 

We found out two different kinds of samples. The charge accumulation at the surface 

affects the properties of films. Then, by examining the significant changes of chemical 

shift and FWHM value, the films show a character of saturation during the process 

and the results can trace to oxygen vacancies. From the results of loss measured before 

and after the irradiation, we can say that the performance of highly reflective coatings, 

especially the surface SiO2 thin films, will directly affect the gyro abilities. 

1. Introduction 

Laser gyro inertial navigation system, as one of the core aerocraft inertial devices, plays a very 

important role in many technological fields, and has extensively used for navigation, radar and 

guidance system. Lockout threshold, which directly affects the precision and stability, is one of the 

most essential element for gyroscope. However, the lockout threshold depends on the resonant optical 

path loss mirror, of which the critical component is the high reflection coating where the surface and 

interfaces plays a key role.[1, 2] 

As is known to all, drastic changes in materials properties and performance take place upon the 

surface charge accumulating.[3] Additional electronic states result from doping or defects, 

imperfections at their surface and/or the lattice, described as traps, contribute conspicuously to their 

electrical performance.  

Recently, researches in high reflection coatings have been extensively studied in view of the loss, 

damage caused by laser irradiation and found out the charge accumulation of highly reflective coating, 

especially at the surface SiO2 thin films, will directly affect the precision and stability of 

gyroscope.[4-7] Researches are focusing on the improvement of electrical and optical performance of 

high reflective coating. 
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X-ray photoelectron spectroscopy (XPS) commonly used for studying the electronic structure and 

chemical states of materials. In this paper, we investigated the SiO2 thin films and the loss of laser 

gyro. The high reflective coatings irradiated by X-ray and then detected by XPS for several cycles. 

Furthermore, by examining the changes of the chemical shift and the full width at half maxium 

(FWHM) value of the O 1s and Si 2p lines, we present the chemical states of Si and O in surface SiO2 

films. Moreover, by studying and comparing the XPS spectra of different times, we try to answer the 

question whether the surface SiO2 film plays a primary role in the loss of high reflective coatings.  

2. Experiment 

The high reflection coating consists of multilayers deposited vertically on a glass-ceramic substrate 

and a 100 nm thick SiO2 amorphous thin film covers the surface. XPS spectra were measured by using 

a Kratos Axis spectrometer with monochromatic Al Kα (1486.71eV) X-ray radiation with a base 

pressure of 1×10-8 Pa.  

In order to imitate the working environment of laser irradiation in gyroscope, which may cause 

positive charge accumulating on the surface of high reflection coating, we exposed the high reflection 

films to X-ray before the detection of photoelectron spectroscopy when Low Energy Electron 

Neutralizer began to work. The irradiation was in situ performed, and we kept it on throughout the 

experiment while detected the structure of surface every five minutes for five cycles. 

XPS survey spectra (100–1500 eV) on the pristine film was firstly measured before the 

high-resolution scan of C 1s, Si 2p and O 1s. Elements Si, O and C all can be obviously found in the 

survey spectrum. The Si 2p and O 1s high-resolution spectra calibrated by the peak of C 1s with a 

standard binding energy of 284.8eV. It is necessary to establish suitable peak fitting procedure by 

extracting further particulars of chemical states information from the high-resolution spectra. 

Gaussian-Lorentzian line shapes (GL30), here, used for fitting the Si 2p and O 1s spectra after 

conventional Shirley background subtraction. Meanwhile, we ignored the splitting of Si 2p peaks from 

amorphous SiO2 film. 

3. Result and Discussion 

 

Figure 1: XPS spectra of O1s and Si 2p core level for SiO2 film under X-ray irradiation, each sample 

is detected for five times. The deconvolution fits the raw peak (open circle) with full lines, figure (a), 

(c) are for sample 1, 2, respectively. The figure shows the chemical states and shifts and their variation 

upon times. 
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Figure 1 shows typical high-resolution XPS data with deconvolution fit peaks for both Si 2p and O 1s 

spectra. It is worthy to notice that there are two significant types of spectrum, one can be fitted with 

only a symmetric peak while the other shows a shoulder with an energy shift to lower binding energy. 

Therefore, it demonstrates that the structure of SiO2 film is different under X-ray irradiation.  

For Si 2p spectra, the only one chemical structure corresponding to the Si oxidation state Si4+ clearly 

observed at binding energy of 103.5eV, similar to the reported works, see figure 1(b).[8-10] However, 

by deconvoluting the spectra, an unchangeable predominant peak and a shoulder with an energy shift 

from 103.5 to 102.0eV can be found obviously in sample 2, see figure 1(d). It is reasonable to attribute 

to the Si oxidation state Si3+.[3] This is consistent with the observation from. [9,10] On the other hand, 

we can find out the same features in O 1s spectra, one peak for sample 1 is located at 532.9eV, while 

O 1s spectrum exhibits two contributions in sample 2 and the shoulder is account for oxygen vacancies. 

Another interesting finding is that the predominant peaks for all samples have not changed during the 

irradiation. 

We can see that the shoulders located at lower binding energy changes a little and the chemical shifts 

become stable with the irradiation time increasing. The shifts of the binding energy for sample 2 is 

proposed to be caused by the accumulation of positive charges near the surface, where photoelectrons 

are emitted with a kinetic energy leaving positive charges behind. Which is similar to the work 

environment of high reflection coating in laser gyro. 

It has been reported that the chemical shift is affected by the local electrical potential resulting from 

positive charge accumulation. In this work, the C 1s core level binding energy due to surface 

contamination was used to calibrate and monitor the charging effect. However, there is no significant 

change by comparing the measured spectra of C 1s during the irradiation. Thus, we can assume that at 

the beginning of the irradiation the surface is unstable (contaminants, detects, charge traps) and can be 

affected immediately with the accumulation of charge.[11] 

 
Figure 2: Peak position evolution of the chemical structures as a function of irradiation process. 

 

Figure 2 summarizes the binding energy shifts measured with respect to Si 2p and O 1s 

as a function of irradiation time. We can see that an unchangeable predominant peak in the binding 

energy shift for both samples and the shoulder located at lower binding energy changes a little, where 

the chemical shifts become larger and stable with the irradiation time increasing. 

In general, when a sample exposes to the X-ray, the surface is irradiated by photons with 

characteristic energy, and these photons directly interact with core electrons of atoms near the 

surface.[12] Then, photoelectrons emitted with a kinetic energy leaving positive charges behind. 



SAMSE 2018

IOP Conf. Series: Materials Science and Engineering 490 (2019) 022079

IOP Publishing

doi:10.1088/1757-899X/490/2/022079

4

Which is similar to the work environment of high reflection coatings in laser gyro. The positive 

charges accumulation result from electron emission and multiple inner relaxation. Such processes are 

fast comparing with the XPS measurements. However, the process of charge capturing by various 

kinds of structure traps for example oxygen vacancies can be much longer.[12] Therefore, we can 

suppose that the charge accumulation, in this work, mainly derives from the oxygen vacancies and 

further influence the electronic states of film. 

It has been known that the binding energy shift is affected by the local electrical potential due to 

charge accumulation and application of external voltage bias to non-conducting samples introducing 

additional charging shifts.[11] In this work, the C 1s core level binding energy result from surface 

contamination was used to calibrate and monitor the charging effect. Moreover, there is no significant 

change by comparing the measured spectra of C 1s during the irradiation.  

Thus, we can assert that at the beginning of the irradiation the surface is unstable (contaminants, 

detects, charge traps) and can be effected immediately with the accumulation of charge. With the 

increasing of irradiation time, the charge accumulation is saturated and the surface environment 

become more stable due to charge distribution and chemical reconstruction, which result in the 

saturation of chemical states. 

 
Figure 3. FWHM evolution of the chemical structures as a function of irradiation time. 

 

Figure 3 depicts that the FWHM depend on the X-ray irradiation process. For both samples, the 

O1s predominant peaks become narrow and the FWHM value decreases slowly while the Si2p peaks 

become border and then keep stable and decrease slowly for sample 1 and 2, respectively. It is 

noteworthy that FWHM values change less than 0.02eV for sample 1, and keep the values for Si 2p 

and O 1s between 1.6~1.7eV. Moreover, it is worth to notice that, for sample 2, the FWHM value of Si 

2p shoulder is much less than the predominant peak and O1s peaks. The peaks always keep becoming 

narrow and the FWHM value decreases quickly and then keeps stable during the irradiation, showing a 

character of saturation, which indicates a good agreement with the change of chemical shift. Generally, 

the linewidth will become border with charging accumulation.[13] However, during the processing of 

irradiation, charge distribution and chemical reconstruction, the high reflection coating become more 

complicated and the FWHM values show an unusual change.  

Table I shows the comparison of loss before and after irradiation. As expected, the loss of sample 2 

with more defects (oxygen vacancies) increased apparently while the other kept nearly the same. 
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Table 1. Loss of high reflection coatings before and after irradiation 

Sample 
Loss (ppm) 

Before After 

1 112 115 

2 114 164 

4. Conclusion 

In summary, the surface chemical states of amorphous SiO2 thin films as high reflection coatings were 

studied by XPS. Using in situ X-ray irradiation, we imitate the working environment of laser 

irradiation in gyroscope, positive charge accumulating took place near the surface of high reflection 

coating, and the charges accumulation affects the film properties of chemical shift and FWHM value. 

There are two kinds of samples shows different changes of XPS spectra. One kind shows no obvious 

changes during irradiation, while the other kind shows significant evolution of chemical shift and 

FWHM value. Furthermore, it is important to highlight that both samples show the character of 

saturation with the increasing of irradiation time. From the loss measured before and after the 

irradiation, we can say that the performance of highly reflective coating, especially the surface SiO2 

thin films, will directly affect the gyro abilities. 
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